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Priority Claim/Related A pplications 

This application claims priority, under 35 USC §§ 1 19(e) and 120, from U.S. Provisional Patent 
Application Serial No. 60/414,51 1, filed on September 27, 2002 and entitled "Optical Inspection 
System and Method" which is owned by the same assignee as the present application and is 
incorporated herein by reference. 
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Field of the Invention 

This invention relates generally to an optical inspection system and method and in particular to 
a system and method for simultaneously optically inspecting both sides of a substrate with high 
dynamic range and high precision. 

Background of the Invention 

One application of a high dynamic range optical inspection system is for inspecting 
semiconductor wafer substrates. Semiconductor line widths are continually shrinking with leading 
edge manufacturing currently at 0.13 urn and will soon be below 0.10 urn. As these geometries shrink, 
semiconductor wafer yield loss increases due to pattern defects. Pattern defects can be classified as 
pattern mis-registration, extra features and missing features in patterns. Pattern defects of 0.1 urn and 
above, can be detected by known optical imaging methods. Smaller pattern defects can be detected 
using slower, more expensive, more complex electron beam imaging systems, but where possible, 
optical systems are preferred. Both optical and electron imaging techniques require image comparison 
of "good, known" patterns with patterns being evaluated. This comparison process is very sophisticated 
and is capable of detecting very small defects, but is very slow. Laser scanning systems are faster and 
can dete^Uigh^cattering defects down to 0.035 urn on bare wafers, but laser scanning is not as 
sensitive for patterned wafers. Laser scanning is sensitive to light scatter and can detect a sub-set of 
defects such as particulates, scratches, bumps, pits, and very limited types of pattern defects. The 
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with blanket films and a, very slow scan speeds to provide sufficient signal to noise. Defects can also 
be quite large (tens of microns to a sizeable portion of the wafer) and laser scanning systems m general 
cannot readily detect these large defects. Optica, imaging systems, optimized to detect the smallest 
pattern defects, are not effective a, detecting large defects. Large area defects are best detected by 

optica, imaging systems optimized for larger defects that are incapable of detecting the smallest 
defects The semiconductor industry has settled on an arbitrary bu, useml distinction between Macro 
(greater than 50 urn) and Mrcro (smaller than 50 urn) defects. Thus, inspection systems generally fall 
into two distinct categories - either Macro or Micro inspection. 

Visual Macro inspection has been utilized since the beginning of the semiconductor industry. 
An example of a Visual Macro inspection system is shown in Figure 1 wherein a visib.e light source ,s 
directed towards a substrate and a particle on the surface of the substrate scatters light from the hght 
source The diffracted light from the particle is detected by the naked eye of a technician. Human 
observation of partiCe scatter is fast and very inexpensive, but suffers from the following .imitations: 
1) no u ,travio,et (UV) sensitivity; 2) only large macro defects can be detected; 3) inconsistency of 
results due to differences in observers; 4) the results are not quantitative; 5) the results cannot be 
mapped and compared to each other; and 6) there is no data recording capability. IBM firs, 
demonstrated a more repeatab.e, recordable and less subjective approach with the use of film as a 
) sensor in the .ate 1960s. Figure 2 illustrates an example of a typicalfilm based Macro inspect™ 

system The IBM system consisted of a visible light source, light source collimaung optics, a wafer . 
holder with an X, Y and theta stage, an imaging lens to image the scatter defects onto the film, a beam 
dump for collecting the unwanted light and a simple film holder with a mechanical shutter and rimer. 
The exposure rime of the IBM system depended upon sensitivity and throughput requirements, which 
5 intumdependedonthefilmdynamicrange. Film based systems have the following limitations: l)non 
linearity due to differences in film quality; 2) the process is extremely slow; 3) the data .s not 
"computer ready", i.e. not digital, 4) film non-linearity makes particle size calibration difficult, and 5) 
tire film must be reviewed by a technician. In the ear.y 1970's, solid-state image sensors using charge- 
coupled device (CCD) or complementary metal on silicon (CMOS) techno.ogies were developed 
10 providing a significant cos, reduction over film with an easily digitized electronic output suitable for 
computer manipulation. These solid-state sensors soon replaced film. 
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' A typical solid-state sensor Macro inspection system, shown in Figure 3, consists of one or 

It-PieM-MftHeltshtcolleetion is essentia.ly away fo rn *e axis of the reflected lignt^e^ 
Havebeen used to describe light collection, such as "GrayField" and "Double Dark F.e.d , whrch 

for the imaging optics that image onto the CCD/CMOS sensor. The imaging lens assembly may have 
^Itiplelensesthusprovidingmuhiplemagniflcationstothe sensor with fleld of views r^grngflom 
the en.ires,deofthe wafer to a millimeter portion of the wafer. The wafer holder may have X, Y theta 
motion, especially if the imaging optics fleldofview is sma... Partial to ml, wafer illummahon may be 

^ughputandmesizerahgeofpa*^^ 

an entire side of the wafer) in one pass. Macro defect inspection throughput is acceptable because 
qui ckly There are numerous companies (e.g., KLA, Uica, Rudoiph, Nanornertcs, Nova Insmrments, 
August, etc.) that have developed Macro inspection systems for the semrconductor industry. Mtcro 
defects are much more difficult to detect and categorize. There are currently two types of Mtcro 
inspection: imaging and laser scanning detection. 

Micro defect imaging employs very high resolution imaging optics combined with image 

objective lenses that magnify the wafer patterns so that the field of view that the CCD/CMOS sensor 
taages is on the order of a few tens of micmns to hundreds of microns. Multiple microscope lenses are 
oftenusedtovarythemagnificationinordertomaximrzethroughputwithrespecttothestzeofme 

defect being detected. An example of a typical CCD/CMOS sensor Micro imaging inspect™ system ,s 
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shown in Figure 3 A. Similar to the Macro inspection system, Figure 3, the CCD sensor Micro imaging 
, mg i„g,ensassemh, y an d aCCO/CMOSsensor.Broadhana incoherent source hghting .type.. 

enhancement techniques such as phase contrast Nomarski imagingmaya.se be used. If*. _ 

detected. The iiiumination is typicaUy directed onto the wafer through the microscope objective, 
Typicanythewaferismovedtopositionthewaferpattemsintothefeidofviewseenbythe 

„ cLcMOSsensor.however.mephotodetec.r/opticscouidbemove^ 

ZL Mtscopeohiectives^anautofocusmechamsm.— 

is also difficult for available CCD/CMOS detectors to image without either underexposure or partial 
,5 satura,ion(overeKposure).Toinspec,thewafer,Microdefectimagfnginspectionsystemsmus, 

limi ,ed to defects with a size of a tenth of amicron or larger. There are numerous companies (eg., 
20 KLA^AMAT, TSK, Hitachi-Deco, Negevtec, Lasertec, etc.) that have developed Micro defect imaging 
inspection systems for the semiconductor industry. 

Laser scanning Micro defect detection has higher throughput and can detect smaller light 

30 opticsandstationarywafe^andphotodetectorsinvariouslocationsandcombinationsofbnghtand 
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Ion light scatter.hu, also use image contraband optica, phase informal to hn^er a gment 

asethedefec. Even though !aser scarfing systems have much higher throughput than 
10 and below) and drops again for patterned wafers. 

le ewafer surface, ^-*^*-«-«*^~"^'' 
rrLpeofmelaserspotmustaUhec^yca.ihratedand — so me .oc^on and sue 

pass As the defect sensitivity (the minimum size defect detected) is being driven down to 0.050um and 
25 s eed The lOum spot laser spot must be scanned very quichly to cover an enure wafb m tens o 

30 ItL.J--*.«~^«-"~^"^^~ 
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onesstaUum/Thereare — 

Topeon, ete.) that have developed Mrcro defect laser scanning inspection systems for the 
semiconductor industry. 

5 .housandsofdollars-Onewaytoincreasesemiconductorfabprocessyieldistoincreasewafer 

Cectiontodetectp— ^^^^^^7JZ 
inspection iffas, and low cos, User scanning and imaging inspection ^™-e typ.ca, y ar e 

t0 o,to the stand-alone system, the nme (dead time) before a problem is d.scoveredcan be tensof 
,5 inspection (metrology) systems directly onto process equipment. Integrated inspeCon can on.y be 

20 erformanceneedstobenear.yec.ualinsensitivity.ostanda.onctools.bntnot 

e.colstocomp.ete.ycharacten.ea^em.ln 

other words, .ntegrated metro,ogy system must detect, bnt no, necessarily ~ ^ 

too slow, too costly or do not provide adequate detection senstuv.ty. 

The semiconductor industry is also driving towards wafer backside and edge inspection to 
increaseyreld.ForO.lOumpattem^ 

location can cause the substrate to be unusable. Metrology manufacturers, such as KLA-Tencor, are 

^«--*••«*--•- 4 *''* ,r-^,i, ~ 1,, " 
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throughput significantly. The throughput of a 300mm laser scanning inspection system doing both 
sides of anon-patterned wafer would fall to less than 40 wafers per hour andifpre and post process 
inspection is performed, throughput wou.d fall to less than 20 wafers per hour. Particles on wafer edges 
are also becoming a significant yield loss mechanism as these pattides are often .arge and m.grate 
toward the center of the wafer causing pattern defects. There are no commercial systems that mspect 
the wafer edge as well as the top and bottom surfaces of the wafer simultaneously. Thus, it is durable 
to provide an optical inspection system that simu.taneously inspects the wafer edges as well as the top 
and bottom surfaces of the wafer. 

An integrated inspection system should also preferably detect both Macro and Micro defects. 
There are no commercial defect inspection systems that provide this capability with sufficient small 
defect sensitivity. Nanometrics has developed a system with Macro and Micro capability, but ,s not 
sensitive to particles below 0.1 5 urn. The Nanometrics system only inspects a quadrant of the wafer at a 
time requires complex wafer movement during measurement and cannot do both sides of the wafer 
simultaneously. Attempts have been made to develop systems using whole wafer inspection to rap.dly 
detect light scatter on an entire side of a wafer a. one time, but sensitivity to small particles has not 
been good enough (limited to greater than 0.3 urn). These systems also did not inspect both stdes of the 
wafer simultaneously and had limited defect size dynamic range. Inspection of a whole s,de of a wafer 
at one time is compelling. Whole wafer illumination and detection eliminates both beam and wafer 
motion neededto scan the wafer surface, thus reducing complexity, cost and size, improving rehabrhty 
20 and accuracy of locating defects. 

Commercially successful semiconductor industry inspection systems today all have limitations 
described above. These systems do not have adequate detection dynamic range, do not provided both 
Macro and Micro detection, do not have adequate throughput (especially for 300mm wafers), do no. 
provide simultaneous front and backside inspection, cannot be packaged small enough for integration 
25 onto a process tool (and meet particle sensitivity requirements), do not perform edge inspection, are 
complicated and expensive. Thus, it is desirable to provide a high dynamic range optical inspects 
system and method that overcomes the above limitations and it is to mis end that the present inventton 
is directed. 


15 
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Summarv of the Invention 

The optical inspection system in accordance with the invention is a high dynamic range, high 
precision, large area, broadband, high photon flux optical inspection system and method. The optical 
inspection system may be used to inspect semiconductor wafers (both patterned and unpatterned), disk 

5 drive substrates, compact disk substrates and the like. The system is capable of very high throughput 
optical inspection of patterned and unpatterned wafers in which a very high dynamic range, very high 
precision photodetector is desirable to provide detection of particles from sub micron size to many 
hundreds of microns in size simultaneously on high contrast substrates. The system permits high 
throughput wafer inspection in which the top, bottom and edges of the wafer may be rapidly or 

10 simultaneously inspected for defects. The system is relatively compact, low cost and simple, thus 
enabling integration onto process equipment. The system may be used to optically inspect various 
types of substrates including an unpatterned semiconductor wafer substrate, a patterned semiconductor 
wafer substrate, a disk drive substrate and a compact disk substrate. 

Thus in accordance with the invention, an optical inspection system is provided. The system 
1 5 comprises an illumination source that generates electromagnetic radiation that illuminates a first side 
and a second side of a substrate inserted into the optical inspection system. The system further 
comprises a detector that receives the illumination scattered from a light scattering feature on the first 
side of the substrate and detects light scattering features on the first side of the substrate and that 
receives the illumination scattered from a light scattering feature on the second side of the substrate and 
20 detects light scattering features on the second side of the substrate wherein light scattering features on 
both sides of the substrate are simultaneously detected. 

In accordance with another aspect of the invention, an optical inspection method is provided. 
In the method, illumination is generated that illuminates a first side and a second side of a substrate 
inserted into the optical inspection system and a detector receives illumination scattered from a light 
25 scattering feature on the first side of the substrate and illumination scattered from a light scattering 

feature on the second side of the substrate. The light scattering features are detected on the first side of 
the substrate corresponding to the illumination scattered from the light scattering feature on the first 
side of the substrate and light scattering features on the second side of the substrate corresponding to 
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the illumination scattered from the Ugh. scattering feature on the second side of the substrate are 

ta accordance with yet another aspect of the invention, an optica, inspection system and method 
are provided. The system comprises an illumination source that generates electromagnetic radtatton 
that illuminates a firs, side and a second side of a substrate inserted into the optica, inspection system. 
The system further comprises a detector mat receives the .nomination scattered from a light scattenng 
feature on the firs, side of the substrate and detects light scattering features on the firs, s,de of the 
subsume and ma, receives ,he il.umina.ion scattered from a light scattering feature on the second stde 
of the substta.e and detects Hght scattering features on the second side of the substtate wherem hgh, 
scatteringfea.uresfrombelow0..micron.olOOmicronsaresimul«aneouslyde.ec.ed. 

to accordance with another aspect of the invention, an i.luminafion Source is provtded ,ha, 
comprises an electromagnetic energy radiation source , ha, produces broadband e.eettomagnettc 
rad ia,ioninc,udingdeepu.,rav,o.e,rad 1 a,ion. The source further comprises a dichroic mtrror , ha, 
removes the infrared e.eettomagnefic radiation from ,he generated electromagnetic radiation, and a 
parabolic light eo.lection reflector tha, collects me eleetromagnetic radiation from me electromagnetic 
energy radiation source and focuses the electromagnetic energy in a particular dtrectton. 

Thus in accordance with the invention, a digital image detector is provided. The detector 
comprises a plurality of pixels arranged in an array wherein each pixel detects electromagnetic 
radiation that impinges on that pixel. The detector further compnses each pixel having a pre-amphfier 
that amplifies the signal from each pixel. 

Furthermore, a substtate handler is provided. The substtate handler comprises a substrate 
holder that holds a substtate so that a firs, side and a second side of a substrate are capable of be.ng 
muminated simultaneously. The substtate handler may further comprise a moving mechanrsm ma, 
rotates the substrate. 

Prj P f npgm ption of th e Drawings 

Figure 1 is a diagram illustrating a conventional Visual Macro defec, inspection process; 
Figure 2 is a diagram illustrating a conventional film defection Macro defec, inspection process; 
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,.„„„, CCD/CMOS sensor Macro defect inspection 
Figme 3 is a diagram illustrating a conventtonal CCD/CMU 

process; 

^.-^a— W— ^ 

5 process; 
invention; 

inspection system in accordance with the inventton; 

optical inspection system in accordance with the invention; 

1S - ^^^^^^^"^ - 
process in accordance with the invention; 

with the invention; 


20 invention; 


^.sadiagram— ng an example o f the proh.ems associated wtth a hac.ide 


particle; 


«nnV of the edge and bevel optical inspection process 
Flg ure 10 is a diagram illustrating an example of the edge 

in accordance with the invention; 
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amD k of ring source illumination in accordance with 
Figure U is a diagram illustmtmg an example of rmg 
^inventionfori—ganedgeandbeveUfasubstrate; 

„ „f dual ring source illnmination in accordance 

with the invention for illuminating a top and bottom edg 
accordance with the invention; 

-— 

accordance with the invention; 

Figurcl3Cls ad,agr ml .— g ane X amp,eofabe„ch,opopt 1 ea,m S peotron Sy s,emm 

10 accordance with the invention; 

"—"^ 

accordance with the invention that may 
accordance with the invention; 

system in acoordanee with the invention; 


20 

invention 


invention; 
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Figure 16B is a diagram illustrating illumination angle of incidence in accordance with the 
on. 

on; ' - 

of the li ght source in accordance with the 
Figure 17 is a diagram illustrating another example of the light 

on; 

«1p nf the lieht source in accordance with the 
^enAisadiagramUlustratrnganotherexampleofthehghts 

3n; 

Figur elS 1S ad,agram,„nstra,in ^.amp.eo.e.aet.vecoUeetionophes in accordance wtth 
e invention; 

invention that uses micro lenses for each pixel; 

15 ^^isamagramn— ^*«~~-~<«-*T!~~. 
light in accordance with the invention; 

light in accordance with the invention; 


invention 

Fi 

invention; 

. 5 

invention; 
Fi| 

invention 
Fi 

10 the invention; 


invention; 


with the invention; 
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5 pre .a m pUf K rsinacoordanoewith*einven. 1 on; 

,„ m access intention method in accordance w,th the 
Fig „re24isanowchartfflustratmgarandomacccss 1 ntegr 

invention; 

-nmle of a CID photodetector smart sensor 
Flg ure 25 is a diagram illustrating an example of UD p 
configuration in accordance with the invention; 

• , teminaccordancewUhtheinventionthatmcludesasecond 
10 Figur e 26A illustrates an optical system maccordan 

pnotodetectorandasecondbroadbandhghtsource; 

• , teminaccordancewiththeinventionthatincludesa 
Figure 26B illustrates an optical system m accordan 

moveable photodetector; 

• , * m in accordance with the invention that includes a 
Figure 26C illustrates an optical system m accordan 

15 modulated light source; 

Flgure26D — 

movable light source. 

„• amiUustratingh^.tle.danddarkfie.dcombinadoninum.nat.onm 
Figure 26E is a diagram illustrating di ^ 
accordance with the invention; 

^^.a^ew^te— t o f a SU h S t r ate hand, ,o aecotdance W ,th the 

:>n; .... 


20 

invention; 


invention; 
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invention; 

Fi| 

invention; 


5 ^^^^^^-^^^ 

accordance with the invention; 

Figure28Dl5adl a ffain . rth e r — — — 

accordance with the invention; 

Flgure 2SB,sa— ^tt— g a, St e— — 
10- accordance with the invention; 

a .mhndiment of a substrate edge gripper in 
Flg ure 28F is a diagram illustrating a second embodrment 

accordance with the invention; 
accordance with the invention; 

r ♦ ^nle of a process problem signature in accordance 
15 HgureSOisadiagramillustratmgafirstexampleofaproc 

with the invention; 

^eSUsa^— ^seeotttte^.eofap.eessp^s^e.n 
accordance with the invention; 

20 with the invention; , 
invention; 

^^a^n— —a — 

system in accordance with the invention; 
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particles; 
5 particles; 
particles; 

,itc fnr the same calibration wafer using a 
Figures 39 - 42 illustrate the inspects results for the same 

conventional system. 

the invention; 

with the invention; 

15 with the invention; 

accordance with the invention showing disk texture; 

20 .cordancTwiththe— n show,n g a scratch and ,rre g n,ar drsk ,e Xta re. 
DetaMDescr^^ 
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• ^inaecordaneewi.hthe — isah.ghdyn^crange,^ 
The optical inspec.ton system m accord ^ The system 

Lveryfrtgbprecis^^^^^ 

«r*-«— 


described in more detail. 


20 


25 


dos^iiu^" »" * 

• ^mustrating.hedy.am.crangeof.heoptica.inspectionsys.emm 
Rgare 4A ,s a chart dlustratmg t yn measurement as compared to the same 

measurementusmgatypica..^^ 

When a laser scanning inspection system ts set up ^ ^ ft ^ 

toO.lSum.^.Whenalas^ 

measure from 0. 1 to 1 .Oum, 1 ^ ' ^ in contrast, the optical inspection system in accordance with 
1 urn in one substrate measurement pass. In cont of over 17 0 db and can detect 
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10 


de.ec.or along the center row of ptxels >s shown ^ ^ ^ does 

sipia , a. *ebot.o m ofF,gure4Cshowsash^ ^ tthebottomofF . gure4B , s 


detect the added particle. 


20 


dynamic range, high precision detector. 
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sc a«erd,dno.oversha d ow t hepartK.escatterWhen t h « soWe ,he particle from the 

with bgarithmic photon —on a. each p.x 1. A ^ ^ 

• xv, 0 Mni?r technology is capable of a dynamic r<ui S f 
switching electron,, Tta HDRC teehn gy ^ ^ ^ ^ w b „ s 

andnoiselevels.Eventt.oughtheHDRCsens gn ^ nspec(ion system Md 

simultaneous"—^^ 

^^^P*»----- ,, --*" e CLeofthe^stratethatscatters 
ligh , Ittaccordancewiththetnventton.theh^, d preferably ftom deep 

25 ultravioletelectromagnettcradtattontovtstb! scatter signals can be acquired in parallel 

photodetectorpixe^^ 

thus significantly increasing measurement throughput. ^ ^ ^ further increasing 

30 ^ 
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1 and simp,e and flu. can readily be integrated onto process or oflter too,, Because the who e 
Each element of the system will then be described in greater deta,l below, 
reflected light so as to reduce stray light getting into the collection/imagmg opt.cs of the 

hen— ^rrr^rr 

iXe min, ed by drying the air in memensuremen , enclosure, fllUng me enclosure wtm a gaa 

25 hXed intoandremovedfromtbeendosurea. The load pori 3 ,s located such ,a, the substrat 
then the load port 3 may also be gas tight. 
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dump4Ban aa— 

them to minimize stray light to a pa.r oi ng t r „ h , a wb inE plates, such as used for 

7A 7B. Beamdumpsmaybeimp.ementedwithverydarU^.ahs.bmgP 

0 .sorhingplatesshouldhaveaverysmooth^shtommm,, 

15 ■ :„ F igure5ma yb eeha„gedwithoutdeparting fi om,he S eopeo f ,hemve„t,o„. 

taagingleusSAaudahaeUsideimagmgiensSBassho™ ' J red by the topology on the 

ftom thehaeUside and-fiontsideofthe substrate, -^^^^ J^^H* ■ 

20 energyo„tomerespeetivedetec«or7A,7B. hown in Figure 5) that filter scatter according 

M ^ ^^p^onrotationwhi.esurfaeescatter.smore 
25 features, such as part,c.e P configuration. The invention may 

random and the random scatter wtll be blocked by P ^ 

(such as a frontside ^ he light energy imaged onto the 

30 zrinzrsi:^^—™- 
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rr:"ir .— - 

folded using, for example, mirrors and the like. 


20 collectively as a backside detector 


25 


collectively as a oa^iuv - ~ 

»— : : ::::r mP Jul, 

eontto.Une36.This illumination, ■ncon ) u„etto n wtt hfcota J ^,3, 
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5A-7A. 


20 


H^nAbelow.Broadban -T^*-**— — '7*7 

^ wWeh emits light from below 200 nm to well past 1100 nm. The system ™ ay fU ^^ > ~ 
.gBasshowninFigure^.hat.ece.vethelightenergyoa.putthatwouldnonnallybe.ostfrom.he 
source and direet the light energy towards a respective dichroic mirror 17A, 17B. 

lrbedbysou rc ebeamdumps(suchasafronts«^ 

beam dumplSBas shown in Figure 5>. A porfronof the IR l.ght is also directed to — W* . 
shown nFigureS). The source light intensity sensors provide feedback W the system regardmghg* 
sensors areneeded especially for dtrferentia, measurements to normalize illnmrnatton tntens.ry 

variation in the source light output over time. 
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10 


15 


20 


controlled by ^^^^^ Nuchas a frontside band pass filters 13A and backside band pass 

filters 13B as shown in Figure 5). ^ illumination wavelength range, wavelength 

dependent particle scatter can be analyze „ fflters The ontput of the band pass filters 

^tionmayalsobe implemented without theband ass dabackside 

===== 

:::L..ep«,sohave g ood DW — -xr^i: 

exampleofapolarizerwithgoodbroadbandtransmissionincludingDUV.Them 

i *U= «/-.1'jri'7PrS 


CA-Ollipiv *• i 

implemented without the polarizers. 


30 


implemented wmwut u» f 

a frontside light conditioning lens assembly _ haveanin tema. limiting aperture that 

• C The liehtcond t oning lens assembly may navcoi 

as shown in Figure 5). The light con conditioning 
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10 


n a and a backside beam conditioning apertures 22B as shown in Figure 5). 
conditioning apertures 22A and a backside beam ^ ^ 

illumination onto the substrate 27. The light gy ^ & 

— n^^ 

eUip.ical in shape and further shape and hm„ the beam ^ 
5 .^iCr-^- — *•---' tt, * 4,,, * , "■ , * 


mirrors and the like. 


25 


k» a wircide lieht source that directs light 
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Kobe used for darkfield scattering feature inspection using*. high 
backside light sources may also be used tor oar 

dynamic range and high precision photodetector 5A-7A. 

• substrate handler motor/controller 25, which controls the 

operation and motion of a substrate handler 28 mat ahgn e substratemay 

beaidedbyilluminatingtheenttrefrontstdeofthe tbe edges A wafer substrate with a notch 

^atwiUhaveadisrinetedgepattemandthebngh, ^^1^^^ 

th esubstta,ehand,er28doesno^ 

.chasen^edalpha-numenccharactersora image using either darkfie.d 

positiontoenhancemerdenfific^^^ 

sub s,ra,eiden,ificafionhasheendeterm,ned,thes ~ sS es Since the system images bom sides 
20 onentarion.TheOCKorba.odede— -^^^^ 
andtheedgesofthesubstratestmultaneous^thehan . ^ ing substra te 

— ewithmeil— ^^^JZ^ 

ahgnerbeforemesubstr^ 

hand .er can be an edge gnpper mechantsm on,y w more detail bel ow with 

— f,he rr:: issl-----^ 

reference to Figures 27 A- 28*. me y 
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handler. 

controlstheoperationoftheCrocontro ic range ^ high precision 

, detectors. The system may further mc.ude control hnes 32 A ^ 
„,,roes20A 20B and control me operation of those ligbt energy 
to the Ugh, energy sources 20A, 20B ^ ,„ me light 

s^emmayfunherinciudeconUolUnesSZAJ^Bthac™ ayalsohavean 

int erfaee,ine 34 which connects to other computer systems ^^IpmernetworK or wafer 
5 toacompute—sothatthe — 

substrate fabrication system and may receive instructions. ^ persistent storage devices (such as a 

ha rddisKdrive,optica.drive,etc),memory(suchasDRAM or J ^ 
^..eseeomponentsofmeeon^ 

computer. For example, on controller to maintain the 

and not require separate system controller hardware. 


20 


25 
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(u „der contro. of the eontro. computer) .0 produce hgh. ^ ^ 

entire frontside end backs.de surface of the substra ^ ^ ^ 

^deof.besubsb.telsscatteredb,— «~ -^^....^.r* 

sub stra, U^scaneredbybacksidescanerin,^^ ^ 
scatteredbyfrontsidescattenngfeaturesaregatbere^by. ackside otthe substrate 

and generate results and data. 
20 subs^eiU.ninadonwithrnoresbarplydnned^ ^ 5a is » ^ge re ,ay 

U^energyexmngthebonrogen.zersl.A.l.B™ g . n f e 5) These image apertures 

deftnetbesbapeoftbebeamtba, feUs onto the substrate surface 2 „ polarize r 

nA-backs.depo^er.B^ ^^^^ 

exiting the polarizers ts umformly polanzed. ^ 
30 poiarizers.Tbeoutputof.hcpolarizersimpingesonnnagere.ay.ensasse 
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10 


Attorney wow* iw. — 

„ . . - maee rela y lens assembly 23B as shown in Figure 5A) 
.^.ensassen*^ 

fta, relay the image of fte image apertures 22 , jecled ont „ *e substrate 

MB onto substrate surfaces 27A > ^by Itotog the beam to essentially the edge of the 
substrate. These image relay !ens assembhes, 23 m ' jrrors (such . a frontside sphencal 

mirror MA and a backside sphencal mirror ^ ^ 27 A, 27B respectively, of the substrate as 
sh o W „.Tbem,rrorsMA,»4Bactno,on, — perMres onto the substrate front and bachstes. 

T hespherica,mir^ 

^activdensberweenthemirrorsan the su^ ^^^^ 
in spec..onsys.emmacco _ pleofffi opti cal inspectton system initialiaation 

pro cess40inaccordancewim.he in ven«on. brpar. ta st e P 42, the contro! 

Lpaterts.mttal.ed. .*^>*^^ m ~-«*~~- * 

tbebgtttsources are initialized, in step 5 .^on. $ ^ ^ th e load por. door .s 

ha „d,er ismovcdto ,hehomeposi.ion.b,^ ^ ottom ^ tso arce shutter) in step 62. In step 


20 


25 


30 
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require d, step 93 issued. ,n step 94, t he fro ao ^ ^ ^ 
sa^epe.odwifcoo.raodo^ 

panen, noise co— dtaninanon - lM; (he computer sys ,em (by 
i0 L W eor r ecdon. ta s t epl02,«heU ght sourceshu«er S a r ec,s 


15 


20 
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, mav caku iate the scattering feature, such as a 

stanoardtooete^neifmedataisacceptab^ ack , 0 step 94 md reaches the 

phages and the scattering feature -^ 

dispiay.save and send dtecurrent substrate andscahenn^ ^^^^ tal * 

! 14 the load port door is opened. A message ^ ^ ^ 

t * « 1 1 7 the svstem determines u uk- a " 
beunloadedfrom.hesys.em. Instep U2, thesy Ifthe substrate is s.ill 

.gureSlsad^.l-gbh— 
5 aceordancewithtbemvenrionwheremasub. ra.e.^ or(Jance with , h e invention may be 

used with various different types ofsubsha.es an ^ ^ 

entire .op surface of the substrate and the backstd gn ^ simultaneously 

descnbed above, andafron,idede.ec.or 25, u*- fte ^ ^ feack surfac e, respeCiveiy, of 

sc a„en„gfe,ure,27.maccordancew 1 .b.he 1 nve ....^i,.*, 

fea ture m easureme„. is provided sincebo.h sources ^^^^ . 
sc a,.eredligh,frombo.hsurfacessimu,.aneouslyso.ha,bo«hsur 
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Light scattering features on the edge detected 
inspection system for scattering features. 

that has a backside particle 133. In this examp ■ A litnogra phy 

as the patterns become smaller m js in osition ( a ) and would properly focus on 

smaller. At a typical point 135, the hthograp y u in position (b) and ftere 

; is a backside particle 133 underneath the ^ defonns 

m easuremen, and detection of bacfcide particles on rTJ^Lta.^oC.-*-*^ 
ensurehighwaferprocessingyield. Now, the opfcalinspection process for an 

be described in more detail. 

^.isad^— 

As shown, the substrate edge beve. has particles 140, 1 , 
The transmitted light strikes particles on the edge bevel of the 
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Attomey uockgi w 

shown in Figures5.5Aarecapab.eof™ ^ ug . The Mention may aUo be 

thesu bs«rate nsing.be frontside detector 144 ^ b M9 . m inventio n may a,so be 

^^^^^^^^^^^ t 

e dg epbo t ode t ee t ors 1 49,H9Abaveafi^vew e ^ ^ by ^ pbo,o d e t ec,or, br 
sub str,e so tbatl.gbtscatteredbythe edge and ' ^ white u^t sneb as frorn a 

5 ■ ^^--■-■J^: lld — andbae.sidesonreesd.scnssed 
light iasers. Tbe Ught sonree may aiso be tbe br ^ ^ . multaneously 

ab ovei„Figure5. U ispreferred that the «£- ^ ^ ^ _ ^ 
nsingarinsHgb.sonreeasdeseribedmmorede^ ^ ^e substrate edge rotates ibrongb ^ souree 
beamoffrghtandmesubs,^^^^ 

20 .dfrontsidedeteetorHOacbstdedetee^ ^^^^^^ 
detect scatter from scattering features on ^ locations of edge scattering features can be 

easily determined. Now, an example of a rmg tag 


o^bedmmoredetad. leofaringsourC ei,.umina,ion 150 ,n accordance 

with thb invention foribuminating an edgeofasu ^ 
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^e^^P— sth e td ono,aUow dire c.ea g e.»iHu m i n a«io,Now,o„eo rm o re 
optical inspection system configurations will be descnbed. 

cam erbyarobot substrate handler and may be placed on an optional substrate pre-ah^er 5. X, 
« tpm , for scat terin g feature inspection. The external pre-ahgner may not be needed 

Zentsof theopfical Section sub-system 1 are no, shown for c«y. The stand alones^ 
0 p ti caHnspec„onsys.em,asubstrate handling robot!56, an opfiona, substrate 

;l , .part.cular.thesystemcomputerlSSmayprovidemstruct.onstotherobottoretneveor 
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, t*™ 1 57 158 provide instructions to the robot 156 to move 

— :=::::==»—..•>.•- 

i* n f 9 bench too optical inspection system 160 in 
accordance with the tnvenhon. In part.cular, ^ ^ 

network. 

optical inspecttonsuh-systeml (pre mspech ^ ^ ^ 

substratemaythenimmediatelybere-measuredtortr 
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^^^^^^^^^^^^^ 

inspection. 

restrictive air m EFEM may have one or more substrate platforms, but 

rwop.a.formsaretvp.eai.T interface is called BOLTS. An EFEM combined with an 

could also be used as a substrate sorter or substrate buffer umt. 
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lra BOLTSlocationsn7;fab.oolsubstr a tespassttooughport 

175 andanoptionalpre-ahgner 159. The mtegra P bstrate baI codeor OCR 

the combined systemnaisntatedtoafaotoUf $ ; corporated intheEFEM ,73 andthe 
arotanngsubsh—^^^^^^ 

optical inspection system 1 is incorporated ^ ^ ^ assembly for inspection, but are inspected 
Therobo,n6,FOUP-s.74andop„ nalpr 

embodiment of the invention will be desenbed. 

i nf » multiole light source illumination system 
Pi^eHisadiagramillustratinganexampleofamumpe^ 

20 system in accordance with the invention, In parhcular, p ^ ^ ^ ^ 

— ^' n ^r ,, ° i :—— n— t, A sshownm FlS ureH, 

25 eorrespondstoabeamdumpaatswUknow ^ ^ 14 , the 

i ~ all of the light sources on the same siae ^ 
.hebeamdumpsontheopposttesteofthe^b 5 is a diar am illustrating another example 

30 shown, but there could be more or less. In contrast, rrgur 
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C^-io-— "-^-^T^t 

source in accordance with the invention will be described, 
m.aoptionalwavelengthba^^ 

p olM Jl97,ahgh, conditioning lens assembly 197A, beam conditioning apertures 199A, a parabohc 

5 intenseandhasareasonableoper^ 

t0 „oise with substrate illumination time of approximately ten seconds. For example, 3 wattsof 

^.Broadband light energy sources may include, bu, are not.imited to, 
20 „rMercuryvapor,Me,a,Halide,aco m hina.io„ofXenona„dMercuryvapororacomh,nao„„fo.her 

s.gmricantDUV content. The are lamps may alsobehigh pressure and/or pulsed to enhance the DUV . 

relatively inexpensive. The Broadband hgh, energy source could alsobea— onofon or 
more lasers. DUV lasers are available and are more easily collimated than incoherent sources such as 

h accordancewith.be invention, the light pathofthe light source and its optics shown m F.gtue 16 as 
30 well that shown in Figures 5 and 5A may be folded using, for example, a rmrror. 
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■ Fi ^el6A 1S adiagr^^^ 

------ --^srr.:r» 

1500W Perkin-Elmer 1500D-UV Cermax arc lamp. 

s « iLsmissiv e^r^wave^^than^.^,^^ 

risle.However.iflRwave.eng.hswere— edtChe—^.mag.ngome 
thickness and uniformity could be analyzed using the R image. 

„■ k • n-or IMC The R wavelengths pass through the dichrotc mirror whfle the DUV and 

!5 :::ij:iiward 

TloThe shutter 194 Thebeam intend is redncedhy more than 50% after reflectton from 
are reflected to the shutter rth < and s0 , he shutter does not need to absorb as 

,he dichroic mirror due to removal of the R wavelengths, and so the 
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• w The shutter could also be positioned between the 
.uchenergy '^^^^^^^^ m ^^^^ 
source and the dichroic mirror. The output of the snu 

TU :„ fiw«r occpmhlv can have one 
homogemzer 196B. The focusing ^ ^ §ourceSj 

— — ^ — « 

shimmer with a frequency of a few hertz. ^ ^ r1 o 6B has good transmission in the 

• ,v ™iv Th e Dolarizermaybeneededforsometypesofsampies,Dui 
transim ss,on m the DUV. The polan e y ^ ^ ^ 

Th e be a ra eo n di«onin gl en SaS se I nb 1 yl97Aco 1 ^ J oureetothecollimatingparab „Uc 
^^^^^^^^^^^^ 
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199B isell^^ 

light beyond the substrate edges is shadowed. 

P A „f elements 191 A-191C, 193-199B, should produce an illumination 
The lieht source, composed ot elements 171V > .,,,,» 

IdJaHowdCecUonofthes^e size Ugh, seating 

Uipulinshape as discussed further in Figure ,6C beiow. The light source nnpmges on th substtate 


scatter. 
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25 


FigurerdBisadiagramiUus,^^ 
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10 


c i rc ularbeamshapel87Ad,rectedto i C7B directed towards substrate 27. As shown, the 

^WA-*-*— 8 *"" 1 ; ^ofthesubs ^teistoterahle 
187B is limited to only the substrate surface. IUumination overflow^in back^ beam 

™le of a dark field broad band light source 190B in 
F ^ 17i sadia^i~ — ^ identoltoFigurel6upt oand 
accordancewiththeinvennonshownrnF^reSA ^ ^ iUumination sy5t em, 

; Ineludingthehomogeni^B. Inpatient ^ pa ^ 16 

while Figure 17 is an image relay illumination system. The spatially and spectrally. An image 

aperture^Aislocatediinree^^ 

directs an image of the image apenu .followed by a 

:r: — " ----- wbe 

^pl'n.edusinganimageapertureshapedl.e.ellipticalwasher. 

v, m nle of a dark field broadband light source 190C in 
Figure HAisadiagram illustrating an exampleofadark teI0111c . 

reflector 191B is elliptical and therefore the output of the reflector is focused. 
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op tiona,polanzer204asshown. ^^non-s^c — double 

„, t he»enscou W bea5-e.e I ne„„nvert ed .elep * gauss , a 4 element modified 

essaroranvChe^nsdestsnthat— swavele ^ ^^a*, 

blurspoUowd — — nn^p^de^^,, 

relays an image of me substrate 27 onto the tag yn ^ ^ ^ , f ^ ^ 

size of the relayed image is dependent on the s.ze ^ ^ 

shown, taaecordance with the '^^'^^^ bt ^^^ 
folded nsing, for example, a mtrror. Hgu ^ ^ ^ m<>mei 

:5 haveverygoodoptical—nfrom 00. isible , have a small blur spot, 

low distortion and high uniform K A across the detector 203 as shown. Figure 20 is a 

30 that uses micro lenses ior 
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„ «inde oixel to multi pixel imaging at the deteetor 203. Micro 
le nses. Micro lens arrays can prov.de smgle p.xel m P. Micr0 lens 

integratedsystemconftgnrat.on.Thecollectionopttcsgathersthescattered gh 
ffldim ages.hescattered.ightontothede.ector203asshown. 

andFigure^Bisadiagrami.lu^^^ 

inspected, dtewnsmmedwavelengthsofthe Ugh More wavel ength 

ranges are also possible. As shown in Figures 21 A and ^ ^^^^ gfa p or example, Particle A 

t.lnmmattonwavelen^^ 

^easesmuehmoreproportionatelytothe larger ^ ^ J,^^ 
. ^eedandre.auveparu.e- ^ is of materia, wim different ophc, properhe, When me 
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described in more detail. 

plx e.<0 be readout. ta companson, CCD detecto d(hen l0 its neighbor's nei^bor 

15 — r 25=^-^ 


hence the read is called "destructive". 


;nce me reau i» 

by sensmgthechargewhen t ransfemng.hech»g „ „ held in fte row 

capacitor for farther intern or am be J ^ fot 

pendent ^^^-^^^^L^^^^^^ 
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high precision detector. Preierabiy me saturation samples 


also increased by 16 times. 


alSO BKicassu *~ 

b^ingsuppressionreducesdetecorsensmv,., StnceCID hav 
are saturated, but nei g hbo ri » g pixels are unaffected. The C,D ^ CD „ blooming 


25 described in more detail. 


======= 
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Oitheringin accordance with the Invention may be ™^ ^ be described 
includmgsub-p.eld^ 

m echanica. devices to reposition vanons dements of the ,m g P ^ 

riono.eleaat — Cement 
Typically this is the array detector, but conld also be the imagtng lens. 
Snb-pr.ldithenngisa^lsnbstepptngtechni^ 

spatialresoW on - — ^ I Lnganima, 

andthen processed to •^'^ C ^* ^^^^rtpW™^*-. ■ 

; these images are eombmed to obtatn a smgle g method . Dit hering enhances 

^tomedimermgs^ai-ingn— c ^^.^^^ 

° :::r;ir:;::: iu—w— 

offsets. 

The defect photoele crrons without increased read no.se. Tins 

25 ^eaov-Ustg.aUono^F^A. ^^QEforbacU-thinned 
accordance with the inventton. F.gure 22B .s chart u g hotonsare 

detectedthroughthebacksideofthedetector as opposed to more ^ 
thimungexposestheentirephotocoilectionareaandimprovesphotondetect.on.Th 
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added to the backside to fi*he^^ 

above CID sensors can be back thinned like CCD's to significantly improve quantum efficiency (QE), 

the front of the detector chip and using micro-lenses above each pixel can also improve QE. 

The defect detection sensitivity of the invention can be further improved by increasing the 

readily be reduced. The number of pixels can also be increased by stitching mask patterns to get b.gger 
sensors. 

« Figure 23 is, diagram illustrating an example of a detector in accordance with the invention 

t hatinc,udesoneorm„reCIDchipsinaMosaicco„fi g ura,ion.mpa rt icu,ar,aC ro sensorchip220 1 s 

shown which has pixelread circuits 222 and an arrayof pixels 224. Butt-able chips are typically 

20 usedbytheopticalinspectionsysteminaccordancewimthcinventionmayuseamosaicofsensor 
ehtpswhereinthenumberofsensorchipsthatarepartofthemosaicdependsontheparttcular 

image sensor configuration increases the number of pixels cost effectively (which enhances the spatial 
resolution, thus increasing signal to noise ratio), by connecting smaller, less expensive stngle 
25 photodetector chips in a coordinated manner equivalent to a large (more expensive) array sensor. 

butt-able image sensors. 

Figures 23 Al and 23A2 are diagrams illustrating a typical CID array sensor 230. The typical 
sensor may comprise a pixel array 232, column select circuits 234 ,o select a column of pixels to be 
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■ that select a row of pixels to be read, eolumn pre-amplifiers 238 that 

read, row seleet c.rcmts 236 that select a row P ^ ^ 

fromthemomp.exe, ^ ^^ta. m * 

operation, li^t.s absorbed ythepx w (toe ft. 

.adtbecbargeforapartrcularp.xel.tb ddiess only one pixe.) so that the 

comhinationofone row line and one column hne w,U unq > . fteMlumnpre . 

amplifier and then farther amplified by the output amphfier 242. Now, 
invention will be described. 

• tv „?^A2above As a pixel is read in a typical C1U sensor, in 


20 


25 
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a .« OF oixel density and anti-blooming 

— : s:-— 

observationofiocaHmageintenW^ 

now be described ,n more detaii with reference to Fignre 24. 

Fl . re24 ,sa fl owchatt — ^."-^r^:^! 

opened and an image >s acqmred m step 285 P ^ be 

ac q n 1 redinstep2SS f ort h eMine X p r e ^^jj^^*.-.* 
the time interva. before which a ptxel must to be read 
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10 


15 


summed as often as necessary to dv Umer has 

^~-*»— ^-^"T^ ^ ^LLe, but the b« 

bits)ifpixe,sareread i;z;: 

range and precision method descnbed Mg ^ . g tQ 

first establish pixel saturation rates as above. The ptxe 
— ,a,ed«^^ 

serviced and a—, The ^^^^^^^^ 

observing a star next to the Sun in the daytime sky. 

m „ nf the cm sensor in accordance with the invention are desirable 

— ^inrbTauseoH.itedsensord^crange.Thed^ieranseof 
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• R aresubsT a te S havemodera.erenee,iv^(ap P roxima,e.y0.3). Film substrate 

reflectivity can range from very low <a J ^ ^ dynamic range 

.nodifiedbythesurfaeerefleetmtyandsofilmrefleettv.ty rdersofma&litude 


20 


may comprise mtcroprocessor and control , heC iDdetectorchip315,ahermetically 

i urn m » thermal electric cooler 314, the UL> aeiecior cu F 
„, ~ 0 ~ ^are „t wmdow 3,7. Thos, all the pixel read and control 
— ^- B3 "- „head. mapreferred embodiment, thepixe, row, 

hardware is integrated at the CID photoaeie ,ith firmware and local memory 

tosupportphotodetector chip operations inclnding the "Random Access ~on m 
communications link such as Ethernet, Ftrew.re or USB 2.0. g P 

SmartSenS ° r TheCalCUlatl ° ' averaging m ed 1 anf 1 ltenng,dilat 1 on,eros 1 onandLaplac 1 an 
Examples of pre-processing are frame averaging, mea 

filtering. 

, . / ♦ i M ct 1 MHyV hieh pixel count (at least 2048 x 2U4»;, rug" 
desrmctive pixel read to allow selecuve pixel photon integrum random p.xe, access 
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a „ n^rkaee There are no commercial CCD, CMUb or pnuiuun, 
pixels are photon counting; and a small package, mere dr 

precisL v-yH*P^-^^^^ dM " , ~* „ 
low noise allow smaller particles to be detected. 

detector could use a CMOS detector. CMOS detectors are inherently anti-blooming, htgh pixel 

highQE but commercial back-thinned CMOS detector chips are not available. The CID random access 

par.ideseattercapabi.ity.Con^ereialCMOSsensorstodaydonothave.owenoughnotseorb^h 

pixel density >1024x 1024. 

Mothersomewhatlesscapahlede.ectorcoulda.souseaCCDdetector.U.wnoiseCCD 

efficiency; low pixel read noise; TEC cooling to <-50 deg. C; temperature regulation for repeatable 

commercial CCD detector is yet available with all these characteristics simultaneously. Also, CCD s 
al— y ^^--* — ~^^*^-- U *"* 
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, „ „„v modifying the random access method and using low 
toFigur e24above,wmno,wor k .Howeve t bymod,^ eOT butnotthe 

5 ^^^^^^^^^^ 

10 separate small particles ftom large scatter background. 

isaw „ drmcnsional matrix ofpho.od.odes each wtthts - p y . The pixels „o 

C^-ttcJtakealong^eto 
no. in.egra.e in an e.ectton well, as CCD, CMOS ^ 
15 co„ec.a,ngin.egra.^^^^^ 

.echnology is capableofdynam. ranges up .o, TO > ^ olutionofsm a« signals is 

Umi.ed.0 .he A» conversion resotation, .yp.ca«y iess man 16 btts. 

acceptable but large signals have limited reso.ntton. 

witiitt.einven.ion. The second source 325 and secon gn yn ' ^ during 

taage.Thesecondde.ec.or 327 a.somayP re 5 The sca „er may be also more 
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C Ade,ec,or m a y a,so b e 
angie greater than zero, it is called "double dark field". 

^d^r.^dfilsfiP^on — --^tr.— 1 

photodetector may be moved in the X, Y , A meia v 
centered on the substrate center. ... 

— ^^^^^ 
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sources could be modulated at different rates to isolate them. 

Rg urc26D illustrates ao optica, system in accordauce wim me —n 334 m.« includes a 
F.gure 2oD ns (such „ p0sltl0ns 

mov ab,e sourcwhereinmebroadband sourc s ;"° 5catterwMlerai nimizin g scatter ffom 
(4)flTO u g h(c)assbowninFi g u re 26D),o — mep^t ^ a. i, generates ligb. a, an ^ 

scatter maybe detected andmeasurcd in accordance with tbe inventton. 
can be simultaneous or independent by shuttering gn 

— — — sr^i 

dynamic range and high prectston tmagtng detector 327. 1 

,« with shutter 324A (which permtts light source 322 to be cut on a 
; Droa dbandhgh.source322w„hstae om ^ 322 is reflected t0 beam dump 

tha ,oirec,s the light towards ^ "^J^ ^ .hro-b-d 
light source 325, a shutter 324* ^ ^ reflected 


25 


substrate. 

====== E£E== 

several configurations of the optical inspectton system that utthze stngle 
combination with single/multiple light sources will be desenbed. 
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V I A and B) imaging flip mirror 342, which alternately collects light from the front and 

^imalmsideaofflte — 27simul — y using a sing.ehroadhand source 34S,w hl ch 
and .mages ^ ^ ^ magmg 

has twice the power of the source 322 in F.gures 20A , 

— -'r*rsrr^=r--^' ■ 

lidemirror 344B direct ^m^**^**^^**"* 
"rhespecuiarhghtfromthe front and haCdes o f the wafer are coUected hy fronts^ 

k T 326A and hackside heam dump 326A respectively. The imaging system further compnse, 
mLs340B 341B The frontside mirror 344A and backside rmrror 344B drrec, darkfleld 
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however, will be out in half because it takes two measurementcycles to view the entire substrate front 
and backside. 

Figure 26H illustrates an optical system in accordance with the invenfion 350 that illuminates 
and images both sides of the substrate 27 simultaneously using a single broadband source 348, winch 
has twice the power of the source 322 in Figures 26A-26F, as show, as well as simultaneously nr.ag.ng 
both sides of the substrate with a frontside high dynamic range and high precision imaging detector 
351a and a backside high dynamic range and high precision imaging detector 351b. The i.luminatton 
system further comprises a be™ splitter 349, which simultaneously directs half the illuminatton beam 
,„ frontside mirror 344A and backside mirror 344B. The frontside mirror 344A and backside mirror 
344B direct darkfield illumination simultaneously to the wafer front and backside respectively. The 
specular light from the front and backsides of the wafer are collected by frontside beam dump 326A 
and backside beam dump 326A respectively. System 350 allows a single source to be used to reduce 
cost, but system throughput would not be reduced. Now, more details of the substrate handler in 
accordance with the invention will be described. 

The substrate handler should hold the substrate only by the edge so that light from the frontside 
and backside darkfield light sources can simultaneously illuminate the front and backside of the 
substrate without obstruction and frontside and backside detectors can receive the scattered light from 
the substrate without obstruction. Optional substrate pre-alignment functionality maybe incorporated 
in the substrate handler. 

Figure 27A is a top view of a first embodiment of a substrate handler 28 in accordance with the 
invention and Figure 27B is a side view of a first embodiment of a substrate handler 28 in accordance 
with the invention. As shown, the substrate handler may handle the substrate 27 (which is also shown 
in Figures 5, 5 A and may typically be a semiconductor wafer). The substrate handler 28 may further 
comprise a thin rotating edge gripper assembly 360 that grips the edges of the substrate to permit the 
frontside and backside of the substrate to be simultaneously inspected as shown in Figures 5, 5A. The 
rotating edge gripper assembly may comprise one or more very low contamination edge gripper 
mechanisms 362 (four are shown in this example, but the invention is not limited to any particular 
number of edge gripper mechanisms). The edge gripper mechanism may be, as shown in Figure 27B, a 
ledge portion 363 which extend underneath the substrate and hold the substrate during the inspection 
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process since the substrate may rest on the ledges. In another embodiment, the edge gripper 
mechanism does not inclnde the ledge portion 363 and the substrate is held by friction. In another 
embodiment, one or more of the edge gripper mechanisms are spring loaded so as to pnsh the snbstrate 
against other edge grippers to firmly grip the substrate. The substrate handler 28 may farther compnse 
5 one or more belt driven drive wheels 364 (two are shown in this example, but the invention is not 

limited to any particular number of drive wheels) that are driven by a motor and rotate the rotating edge 
gripper assembly (and hence the substrate 27). The substrate handler 28 may further comprise one or 
more non-belt driven wheels 366 that contact and guide the rotating edge gripper assembly 360 as 
shown. The combination of the belt driven wheels 364 and non-belt driven wheels 366 rotate and 
10 guide the rotating edge gripper assembly 360 as the substrate 27 is rotated as part of the inspection 
process in accordance with the invention. 

The drive wheels 364 are driven, in this embodiment, by a combination of drive belt 368 and a 
motor driven belt drive wheel 370 as shown. In operation, the motor driven belt drive wheel turns the 
belt 368, which in turn rotates the drive wheels 364 which rotate the thin rotating edge gripper 
15 assembly 360. The substrate handler 28 further comprises a motor controller 25 that controls the 
operation and rotation of the motor driven belt drive wheel 370. The controller 25 may in turn be 
electrically connected to the control computer 29 that controls the operation of the controller. The 
substrate 27 may be placed onto, and picked up from, the substrate handler 28 by an edge gripping 
robot end effector 374 that is used to transport the substrate into and out from the rotating edge gripper 
20 assembly. The edge gripping robot end effector 374 may further comprise one or more robot end 

effector edge grippers 376 that grip the edge of the substrate while the substrate is being moved by the 
end effector 374. In other embodiments, an operator or any other manipulator may place the substrate 
into the substrate handler 28 manually. As shown in Figure 27A and 27B, the substrate handler 28 will 
permit simultaneous frontside illumination 378 and backside illumination 380 of the substrate so that 
25 the simultaneous frontside and backside inspection and testing of the substrate may be completed in 
accordance with the invention. Figure 27A shows the frontside and backside illumination coming in 
from opposite sides of the substrate 27, but frontside and backside illumination could also both come 
from the same side of the substrate. One purpose of the rotating substrate handler in accordance with 
the invention is to place a physical alignment mark 382 (typically a small notch in the edge of the 
30 substrate, but could be a flat edge section) in the substrate 27 in a particular position during the 
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inspection process. The substrate handler may also permit the substrate to be rotated between different 
steps in the inspection process so that images of the surface of the substrate are obtained a, vanous 
different substrate orientations. In this embodiment of the invention, a drive wheel assembly 384 may 
comprise a thin platform that supports and includes the be.t driven wheels 364, the non-belt dnven 
wheels 366, the belt 368 and the motor driven belt drive wheel 370. 

In operation, the substrate's front and back surface are completely exposed so that both surfaces 
maybesimultaneouslyilluminated. The edge gripping rotator 360 allows the substrate to be 
positioned consistently with respect to the substrate notch or primary flat while only contactmg the 
edges of the substrate in a few points. The edge gripper mechanisms 362 are positioned to allow the 
robot end effector access to load/unload the substrate and minimize obstruction of the illum.nat.on 
beams The driven and drive wheels 364, 366 are also positioned to minimize obstruction of the top 
and bottom illumination beams. The edge gripping rotator 360 is initially positioned so that the 
opening in the edge gripping rotator 360 is directed toward the direction that the robot end effector w.11 
load the substrate. Once the substrate is loaded, the rotator will rotate the substrate notch/flat 382 to a 
consistent pre-determined orientation that facilitates pre and post measurements of the substrate since 
the orientation of the substrate is controlled and reproducible. 

As shown in Figure 27B, the substrate handler 28 is shown in combination with a frontside 
light source 386 and a backside light source 388 (wherein the frontside light source further comprises 
elements 10A-22AA as shown in Figures 5,5 A and the backside light source further comprises 
elements 10B-22BB as shown in Figures 5,5A) and a frontside high dynamic range and high precsmn 
detector 390 and a backside high dynamic range and high precision detector 392 (wherein the frontside 
detector further comprises elements 5 A - 7A as shown in Figures 5,5 A and the backside detector 
further comprises elements 5B- 7B as shown in Figures 5.5A). As shown, the substrate 27 is held such 
that the light from the frontside and backside light source maybe directed towards the substrate at an 
angle other than normal to the substrate without obstructions and the frontside and backside detectors 
390, 392 may receive the scattered light from the substrate without obstructions. Now, another 
embodiment of the substrate handler in accordance with the invention will be described in more detail. 

Figure 28A is a top view of a second embodiment of a substrate handler 28 in accordance with 
the invention. Figure 28B is a side view of a second embodiment of a substrate handler 28 in 
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accordance with the invention wherein the substrate handler is shown in relation to the frontside and 
backside light source 386, 388 and the frontside and backside detector 390, 392. This embodiment of 
the substrate handler 28 may comprise one or more edge gripper mechanisms 400 (four are shown in 
this embodiment, but. the invention is not limited to any particular number of edge grippers), a rotating 
edge gripper assembly 402 that includes the edge gripper mechanisms 400 and is connected to the edge 
gripper mechanisms 400 and a lift pin assembly 404. As with the previous embodiment of the 
substrate handler, the substrate's top and bottom sides are exposed and may therefore be 
simultaneously illuminated by the frontside and backside light sources 386, 388. The edge gripping 
rotator assembly 402 allows the substrate 27 to be positioned consistently with respect to an alignment 
notch or flat in the substrate while only contacting the edges of the substrate. The edge gripper 
mechanisms 400 are positioned to allow a robot end effector (not shown in this figure) access to 
load/unload the substrate and minimize obstruction of the illumination beams. Once the substrate is 
loaded into the substrate handler, the rotator will rotate the substrate notch/flat to a consistent pre- 
determined orientation that facilitates pre and post measurements. 

In this embodiment, the substrate 27 is supported by edge gripper mechanisms 400 that are 
attached to pins 406 that are in turn mounted to rotating assembly 402 which may be a ring bearing. 
The substrate is thus elevated from the assembly 402 sufficiently (as shown in Figure 28B) to allow 
oblique light to strike the back surface without casting shadows on the substrate. With this 
embodiment, the backside lighting passes between the rotating assembly and the substrate bottom 
surface. The backside detector looks through the large opening in the middle of the ring bearing at the 
backside surface. The raised substrate edge gripper mechanisms 400 allow a robot end effector (not 
shown) to move between the pins 406 and set the substrate onto the pin edge grippers, then retract. 
Next the orientation of the substrate notch 408 is found and the amount of re-orientation to a pre- 
determined position is determined. To accomplish substrate re-orientation, the substrate lifter 404, 
which is normally rotated to the side out of the way of the photodetector as shown in Figure 28A, 
rotates under the center of the substrate (as shown by the arrow in Figure 28A) and raises the substrate 
slightly, up and off the edge gripper mechanisms 400. The substrate lifter 404 may employ a small 
vacuum chuck tip to grip the substrate. Minimal contact is desired to minimize contamination. The 
edge gripper rotator 402 then rotates a calculated amount and the substrate is lowered back onto the 
edge grippers. The edge grippers, with the substrate, rotate again so the notch is at a specific 
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obHque illumination. Currency, semiconductor fabs have Pre-A.igners incorporated as par. of 
production too.s to orient the substrate consistently. The rotating lifter cou.d replace external substrate 
pre-aligners, thus saving the cost of an externa, pre-aligner. While the substrate is lifted, annular edge 
5 Mumina.ionfshownbyFrgures 11,12) can be used to illuminate theedgeof.be substrate directly from 
all sides so ,he edge can be measured by the .op and bottom pho.ode.ec.orc simultaneously. 

Figure 28C is an . illustration of an edge gripper mechanism of a substrate handler 28 in 
accordance with the invention. Figure 28C shows moving edge gripper structures 412, moving edge 
support structures 414 and a section of a substrate 27. There are 6 positions of the edge gnpper and 
,0 support structures shown numbered 1-6. Figure 28D is provided for clarity and shows top vrews of four 
sets of edge gripper 412 and support 414 structures surrounding the substrate 27 as shown. Ftgure 28D 
shows 4 positions of the edge gripper and support structures numbered 1-4 which correspond to 
positions 1-4 in Figure 28C. In Figure 28C (1), the edge gripper 412 and support 414 structures axe m 
fully retracted positions with respect to the substrate 27. The substrate is shown as a dotted hne smce ,t 
,5 is not loaded yet. In Figure 28C (2), the support structure is moved to the substrate load position. Now 
.he substrate can be loaded and unloaded by a substrate-handling robot (not shown) onto the support 
structures. The substrate-handling robot can position the substrate with precision (on the order of tens 
of microns) in X, Y and Z onto the support structures. The substrate-handling robot next releases the 
substrate to res, on the support structures and then withdraws. The substrate is now fully supported by 
20 the support structures. The support structures 414 are beveled such that just the edge of the substta.e 
rests on the bevels. This is shown more clearly in Figure 28E bottom drawings. In Frgure 28C (3), the 
edge gripper structure 41 2 is inserted and presses against the edge of the substrate while substrate ts 
held by the support structure 414. The tips of the edge grippers 412 are tapered so as to not block 
iUumination light to the substrate. The taper is shown more clearly in Figure 28E top dntwngs. In 
25 Figure 28C, the edge gripper structure holds the substrate firmly by the edge of the substrate only. In 
Figure 28C (4), the support structure is retracted and the substrate is held only by the edge grtpper. Tins 
is the measurement position. In Figure 28C (5), after the measurement is finished, the support structure 
is again inserted to support the substrate simultaneously with the edge gripper. In Figure 28C (6), the 
edge gripper is retracted and the substrate is held solely by the support structure. In posttron (6), a 
30 substrate-handling robot can unload the substrate. 
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Figure 28E illustrates details of .he shape of the support 414 and edge gripper 412 structures. 
The support structure 414 has a beveled surface 416 and a flat pad 415. The substrate is ideally 
supported by the beveled edge 416, but in case of a robot mis-handling error, the flat pad area 415 
offers additional fail-safe support. Theedge gripper structured is tapered toatiphavingabeveM 
inden.ation417.The indentation 4. 7 is Jus, wide enough to capture the substrate but not extend above 
or below the substrate edge. Figure 28F shows details of another implementation of Ore support and 
edge gripper structures which are integrated together. Figure 28F shows a sliding support structure ,4 4, 

a beveled support structure edge 416, a support structure flat pad area 415, an edge gripper beveled 
indentation 417 and the edge of a substrate 27. The sequencing of the support and edge gnpper 
structuresis.hesameasinFigure28e.Thcimp.cmen.ationinFigure28Fmaybeusedwherespace 

constraints dictate a narrow edge gripper mechanism, for example in Figures 27A and 28A. The edge 
gnpper and support structures in Figures 28E and 28F may also be used where substrate rotatton ,s not 
needed. Now, substrate scattering feature measurement in accordance with the invention wtl. be 
described in more detail. 

Differential measurement is a powerful method for determining the scattering feature 
contribution caused byaprocess tool. The substrate can be measured before and after the process and 

the measurement results compared to determine changes in the substrate due to unintentional process 
too. problems. Repeatable substrate orientation with respect to the substrate notch or flat is needed for 
) differential measurements and to minimize periodic pattern scatter to the frontside and backsme . 
detectors. Periodic patterns arc typically semiconductor device patterns, bu, can also be due to 
substratebacksidee.ch. re a,ment.^ 

boundaries, which have components that are rectangular in shape, similar to rectangular shaped 
. semiconductor device patterns. Periodic patterns scatter light similarly to gratings and this scatter can 

:5 be very intense. Periodic pattern light scatter from device patterns and backside etching can often be 
reduced by orienting the pattern axes 45 degrees to the illumination pa* in order to direct most of the 
pattern scatter away from the photodetector. Orienting the notch or flat 45 degrees ortents the 
rectangular pattern symmetries to 45 degrees. Optionally, the substrates are typically onented at 45 
degrees to the illumination path. Optionally, if substrates are normally oriented a. 45 degrees to the 

S0 illumination path, the detector may be oriented a, 45 degrees to align detector pixels with substrate 
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iUu.ninationpaO.tspredominant.yin.obes that align with the substrate pattern, which are a. 45 
degrees to the mumination pa*. To collect this dominant scatter, optional beam dumps may be 

5 scatteristoincorporateopticalspati^ 

noise. Differential measurement is facilitated if me substrate unages are carefully oriented m X and 
theta so the "before" image can be easi.y subtiacted from the "after-image. The substrate eanbe 

27B 28A and 28B which in turn orients the unages. The image can also be mathematically onented 
10 us.ngimageproeessingsor^are.Thepreferredapproachis.odobo.h.firstmechanica.lyonentme 

substrates, then mathematically fine tune the image orientation. 

Figure 29 is a flowchart illustrating a differential substrate scattering feature measurement 
method 420 in accordance with the invention. In a preferred embodiment, this method may be ^ 
implemented as a series bf instructions in one or more software modules which arebeing execute by 
,5 thecon to .compu,ershow„inFigures5,5Aorsy,emcompu.ersinF 1 guresl3B,13C,13Dand,3E. 

particular,.,* differentia, measurement is imtiated in step 421. In step 422 a substrate is measured to 
detect scattering feature. Step 422 includes substrate orientation by the meehaniea, substrate handier 
28 I. is also possible for the substrate to be mechanicaliy pre-ahg*ed external to substrate .oadtng m 
which case step 422 is simply substrate measurement. In step 423, the tmage is mamematicaUy oriented 
20 usingimageprocessings„ftware.„sub-p I xelreso,u,ion.Mstep424,,he P recisionorien.edimaged 
data is compared to substrate history data. This may be a comparison of detected seattenng feature 
(which requires scattering feature detection to be performed before a comparison can be made) or 
image features (which requires image processing pattern matching). In step 426, the system determmes 
ifamatch(.he scattering feature data or image for the current substrate matches the scattering feature 
25 da,aorimageforapreviouslymeasurettsubs,ra,e)hasheenfound.Ifama,chhasno,bee„found>en 

the scattering feature and image data from the current substrate is dtsplayed to the user and saved m a 
database in step 428, which completes the pre-measuremen. in step 430. Returning to step 426, tf a 
match is found, then the measurement image data for the substrate is subtracted from the saved data m 
step 432 In step 434, the differential substrate and scattering feature data is displayed to the user and 
30 saved into a database and the differentia, measurement is completed in step 436. In this manner, the 
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^ZpeoUonpUnE.^ou^ofad^.ia.meas— maybethennntberandstze 

Process problem images may be referred to as process problem signatures. 

Examplesofproeessproble m si gn a,aresareshow„i„Figure S 30-32. ta Fi g ure30aCVD 

0 embed d edi„aCVDf,lm & omtHeu„s,ab.eCV D too,Thepa«er„is ro ugb ly tbesbapef.beCVP g . 

^taKenwiththeoprica, inspection system, scattering feature is due to a Uthogn.V ^ bo, 
J.hatoverheatedunephotoresrst in the areaof the scattenng feature causing mts regton to h ve 

^onsy.temaredue.oparticn.a.econ.mma ^donuom a snbsb.teband.mg robot end effector. 
Tble.etypica.defec.stha.canbeprocessedbyknownimageprocessingandpattemmatcbrng 
t ecb^ q ues.Wbenpa«er M (orpo rt io„sof*e P a tt e m s),snch.sbow„inFig^s30.3 appear.a 

' senriconductorfaboperato^^^ 

a,soverypowerfu, because complex patterns canbe measured witbou, any prior knowledge of tbe 
25 patterns Differentia, measurements require bigh throughput to be used effective^ because the 

1^*— ^^^^^ 
measurement. 

Figure 33 is a fiowchart illustrating an image processing method 440 to identify and measure 
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particle pixel is associated with a pixel cluster. At the end of step 446, each pixel with an intensity 

intensity ,s determined, which is Ihesumofthe pixel values associated with a particle cluster. In step 
450 theclusterintensityisthenconvertedintoparnclesize. In particular, the cluster intensity 
determined above depends on illumination intensity, angle, and exposure time, as well as particle and 
substrate material properties. In step 450, we first normalize the particle cluster intensity by the 
iUumination intensity and exposure time for a given acquired image. At this point, the cal.bra.cd 

intensity of particles on weu-known substrates with various well-known calibrated particle sizes ,s 
measured, for exam P ,e,0.1um,0.15um, 0.3um, 0.5um, and 1 urn PolyStyrene Latex <^*~ ' 
This ca.ibra.ion information is used to genera, a particle size vs. particle intensity table (called particle 
siz e calibration table) for given partic.e and substrate materia,, Tims for a measured particle, one can 

ca,ib ra .ion 1 able.ms.ep452,.hecen,erof.hec 1 us,crinp,xe,s,whichi S thepar,ic,e,ocation,,sfound 
and the pixel center coordinates are converted to substrate coordinates. At .his point in the process, me 

at ,east portion of the substrate edge. By processing .he image, for example, using a well-known Sobe, 
filter one can detect the substrate edge from an image. From the edge locations one can determine .he 
substrate center and radius in terms of pixels. By knowing the substrate size (200 mm, 300 mm,, one 
can then convert pixel position into the physical location on a substrate. Once all pixel clusters are 
converted in this marmer, a partic.e map (with size and location, for a substrate is obtained. In s.ep 
454 calibrated partic.e size and position are stored in a file in the system database, displayed for the 
) sy s,'emo P era,orandpossiblytransmittedviacompu,ernerworks.oextema,computers.mapreferred 
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embodiment, the above method is implemented as one or more pieces of software being executed on 
one or more computer systems. In addition, if the scattered light for a particular particle size >s known, 
then one can calculate the number of particles within a pixel based on the intensity of the scattered hght 
at that pixel. Now, the test results from the optical inspection system in accordance with the invention 
as compared to a conventional system will be described to illustrate the advantages of the optical 
inspection system in accordance with the invention. 

Figure 34 is a diagram, illustrating a calibration wafer that was used to validate the optical 
inspection system in accordance with the invention. In particular, a calibration wafer 460 may have 
one or more particles adhered thereto so that the wafer may be placed into the optical inspection system 
in accordance with the invention and a conventional optical inspection system to test each system. In 
more detail, the calibration wafer 460 may include one or more PSL spheres deposited on the surface 
from a particle deposition system. The spheres are charged with identical charges and so repel each 
other to avoid clumping. The sphere diameters are in micrometer units. As shown in Figure 33, there 
may be a circle of 0.155 urn spheres 462, a circle of 0.304 um spheres 464, a circle of 0.102 um 
spheres 466 and a circle of 0.494 um spheres 468. 

Figure 35 is a diagram, illustrating wafer-mapping coordinates for the calibration wafer 460 in 
accordance with the invention. In particular, due to the limited illuminated wafer area of the 
breadboard implementation of the optical inspection system that used a rectangular aperture to define 
the illumination area, acquired defect images need to be tiled together. Figure 35 shows the 
corresponding coordinate system as used to measure the calibration wafer. As will be shown in the 
diagrams below, the breadboard implementation of the optical inspection system in accordance with 
the invention has the capability to image and detect particle sizes much greater in diameter in a single 
measurement pass than corresponding data from a laser scanning system, such as a KLA-Tencor SP1 
TBI. 

Figure 36 is a diagram illustrating the results of the optical inspection system for 0.155 um 
particles identified along coordinates 0, +1 to 0, 0 in accordance with the invention. As shown, the 
0.155 um spheres on the calibration wafer are identified as well as other larger particles. Figure 37 is a 
diagram illustrating the results of the optical inspection system for 0.304 um particles from coordinates 
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-5 0 to 0,0 in aeeordanee with the invention. As shown, the optical inspection system is able to 
identify the 0.304 pm diameter particles at the same time that it is able to identify larger particles. 
Figure 38 is a diagram illustrating the results of the optical inspection system for 0.494 pm parttcles 
wherein the coordinates are from 0.0 to 0.5 in accordance with the invention. As above, the optteal 
inspection system is able to detect these particles as well as the larger particles dunng a single 
inspection process. In a conventional system, the detection of both large and small particle sizes would 
typically require multiple measurement passes over the wafer. 

Figures 39-41 illustrate the inspection results for the same calibration wafer using a 
conventional system. Figure 39 shows a conventional system map of defects with sensitivity limited to 
smaller defects. Figure 40 show another conventional system map of defects with sensitivity hmtted to 
,arger defects. Figure 41 shows another conventional system map with the results combined from the 
measurement in Figure 39 and 40. to Figure 39 the PSL particle sphere circles are more evident but the 
centra, spira. pattern is not visible. In Figure 40 the PSL particle sphere circles are less evtdent but the 
central spiral pattern is very visible. Figure 42 illustrates inspection summary results for the same 
calibrate wafer using a conventional system. As shown in Figure 42, the conventional system does 
not accurately simultaneously detect the small PSL spheres and the spiral shape defect or the larger 
particles on the calibration wafer. Now, disk drive substrate inspection systems in accordance wtth the 
invention will be described in more detail. 

Figure 43 is a diagram illustrating a disk drive substrate inspection system 480 in accordance 
) with the invention. In particular, a broadband darkfie.d light source 482, a disk drive substrate 484, a 
beam dump 490 and a high dynamic range high precision pho.odeteetor 492. The disk drive substrate 
inspection system 480 has similar components to the semiconductor wafer substrate inspectton system 
in Figures 5, 5A many of the details of which are not depicted in Figure 43. For example, the dtsk dnve 
substrate inspection system incorporates a substrate holder, bright field source, control computer, 
5 optical band pass filters, shutters, polarizers, etc. The disk drive inspection system 480 is a.so capable 
of simultaneous inspection of the disk substrate frontside and backside as in Figures 5, 5A. The d.sk 
drive inspection system 480 is also capable of stand-alone, bench top and process tool integratton 
configurations as in Figures 13B-1 3E. Existing commercial disk drive substrate inspection systems use 
laser scanning. Commercial production disk drive substrate inspection systems need very high 
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throughput (several hundred disk drive substrates per hour) to meet the demands of the disk drive 
industry. Today's disk drive substrate inspection systems use multiple laser scanning heads operating 
on multiple substrates in parallel to provide sufficient throughput, are expensive and mechanically very 
complex. A single disk drive inspection system 480, in accordance with the invention, is capable of 
5 hundreds of dual sided disk drive substrate inspections per hour, is mechanically simple (more reliable) 
and much less costly. The darkfield broadband source 482, beam dump 490 and photodetector 492 can 
be similar to 10A-22AA, 4A and 5A-7A respectively as in Figures 5, 5A. For the disk drive optical 
inspection system, the disk drive substrate may preferably have a marking, such as a laser inscribed 
stripe, that permits the light scattering features on the disk dnve substrate to be mapped to the physical 
10 disk drive substrate. 

A disk drive substrate 484 typically has a washer shape, i.e. a disk 484 with a hole 481 in the 
center. Disk drive substrate 484 thickness range from less than 1 mm to 1 mm or more. The disk 
outside diameter can range from 10mm to over 95mm. The hole in the center is for mounting the disk 
substrate in the disk drive assembly. The disk drive industry uses substrate surfaces within 1mm of the 
15 outside edge to within 1mm of the inside edge. Typical edge exclusion areas are 1 mm or less. The disk 
substrates can be metal, such as aluminum, or glass. The glass substrates are especially challenging to 
laser scanning disk substrate inspection systems because they are largely transparent to the scanning • 
laser beam and scatter from the backside can be detected at the frontside. Disk drive substrates are 
typically coated with various thin film-layers such as opaque magnetic material during the fabrication 
20 process. The disk drive substrates need to be inspected at various process steps in the manufacturing 
process. Defect inspection tools look for particles, bumps, scratches, droplets, etc. Darkfield 
illumination should preferably illuminate the disk drive substrates within 1 mm of the edges, but not at 
the very edges, and also should not illuminate the center hole 481 or its edges. The illumination beam 
may be an elliptical washer shape. This illumination shape illuminates an entire side of a disk substrate, 
25 but not the center hole. Although Figure 43 shows only the frontside scattering feature detection, both 
frontside and backside illumination and detection simultaneously occur. Disk substrates are typically 
textured during the disk manufacturing process. The texture is in the form of closely spaced concentric 
rings 485, approximately 10 angstroms deep, centered on the disk substrate. Figure 43 does not 
represent actual texture ring spacing, as the rings are actually spaced microns apart, but shows the 
30 concentric nature of the texture. Illumination perpendicular 486 to the texture is heavily scattered by 
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the texture. The texture scatter intensity is orders of magnitude higher than particle scatter in the O.lum 
to 1 .Oum size range. In order to suppress texture scatter intensity to allow detection of scattering 
features over the entire disk surface it may be desirable to illuminate the disk substrate as in Figure 44. 
In Figure 44 the illumination pattern 487 is not a simple washer shape, but is a portion of a washer 
shape as shown. The illumination pattern 487 covers 50% of the disk surface, but does not illuminate 
texture perpendicular to the illumination nor the center hole. By illuminating the disk substrate and 
measuring, then rotating the disk substrate 90 degrees and re-measuring one can inspect the entire disk 
substrate surface. Another approach is to include a second source 483 as shown in Figure 44 that is 
rotated 90 degrees from the first source 482. The illumination pattern 489 projected onto the disk 
substrate by source 483 also covers 50% of the disk substrate surface, but this is the 50% not covered 
by pattern 487 as shown. The two sources can be operated simultaneously or sequentially. The entire 
disk is illuminated when both the first 482 and second 483 sources are on simultaneously. The same 
dual source arrangement could be duplicated for simultaneous backside measurement. 

The disk texture is also of interest and Figure 45 shows a method 500 for illuminating the disk 
substrate texture with illumination that is everywhere perpendicular to the texture. In particular, a 
broadband light source 502, a dichroic mirror 504, beam focusing optics 506, a homogenizer light 
coupling rod 508; illumination elements 510, illuminated disk area 512, disk drive substrate 484, disk 
drive substrate center hole 481, image turning mirror 514, hole in image turning mirror 516 and a high 
dynamic range high precision photodetector 492. The light from broadband source 502 is directed onto 
dichroic mirror 504. Dichroic mirror 504 passes IR wavelengths and reflects visible through DUV 
wavelengths. The beam reflected from the dichroic mirror 504 is collected and focused by beam 
focusing optics 506 into a homogenizing rod 508. The homogenizing rod 508 passes through a hole 
516 in the imaging turning mirror 514. The homogenizing rod 508 transfers the light to illumination 
elements 510. The illumination elements direct light to the disk surfaces 512 uniformly around the 
circumference of the disk. The illumination is everywhere perpendicular to the disk texture. The scatter 
from the disk texture is collected and reflected by imaging turning mirror 514. The mirror has good 
reflectivity from visible through DUV wavelengths. The disk substrate scatter is then directed to the 
imaging photodetector 492. The center of the disk substrate image is not transferred to the camera due 
to the hole 516 in the turning mirror 514. The hole 516 is of a size to coincide with the center hole 481 
in the disk substrate. Components 492, 502, 504, 506, 508, 510, and 516 may be duplicated on the 
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backside of the disk substrate 484 to provide simultaneous frontside and backside disk substrate texture 
inspection. 

■ Disk substrate data, taken with the optical inspection system in accordance with the invention, 
is presented in Figures 46, 47 and 48. Figure 46 is a diagram illustrating the results of the optical 
inspection system for two transparent glass disk substrates, one with no texture 520 and the other wtth 
texture 522 in accordance with the invention. It is obvious which disk has concentric texture and whtch 
does not. The texture shown in image 522 in Figure 46 is no, visible to laser scanning systems. Also m 
Figure 46 image 520, without texture, shows particulate contamination ranging from approxtmately 
0 lum to over lOum. Image 520 is typical of images of disk substrate regions that arc not illuminated 
by light perpendicular to the texture. In Figure 47, image 530, the concentric texture is still evtdent m 
areas not illuminated by perpendicular light, but the texture scatter is much lower amplitude and sub 
micron size particles can be easily measured. Figure 47 is a diagram illustrating the results of the 
optical inspection system for a metal disk substrate 530 showing a laser scribe region 534 with vanous 
defects 532 in accordance with the invention. Disk substrates may have a laser scribe region 534 near 
the center of the disk produced by repeated focused laser heating. The laser heating causes bumps with 
reflow material around the bumps. The bumps are approximately 100 angstroms high, 5 to 10 um w,de 
and spaced 20 to 50 um apart. The result is a textured area of localized bumps that the disk drive 
read/write head can rest on during periods of inactivity. The height of these laser scribe bumps is too 
small for laser scanning to see. The invention is capable of not only detecting the laser scribe region but 
a.so detecting particulates 532 on the laser scribe. Figure 48 is a diagram illustrating the results of the 
optical inspection system for two metalized glass disk substrates, one with a micro scratch 524 and the 
other with non-uniform texture 528 in accordance with the invention. The micro scratch 
(approximately 75 angstrom deep) was intentionally made in the disk substrate texture to test the 
sensitivity of the breadboard system. The scratch 526 is very visible in the image as a very bright 
vertical line. The non-uniform texture in image 528 is also evident as numerous broad dark .bands 529. 
The scratch and variation in the texture are also not visible to laser scanning systems. 

In accordance with the invention, the optical inspection system described above may be used to 
inspect a single side of a substrate which will have significant advantages over existing single sided 
inspection systems, especially laser scanning systems. In accordance with the invention, the optical 
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inspection system for single side detection may utilize the elements shown in Figures 5, 5A without the 
components for inspection of the second side. The optical inspection system for single side detection 
may also be configured as shown in Figures 26F - 26H wherein the flip mirrors become fixed mirrors 
set to a single side detection position (for example the frontside) so that the detector only detects 
5 frontside scattering feature scatter from the substrate. The single sided inspection system in accordance 
with the invention may include a high dynamic range and high precision CED photodetector with 
characteristics described above, such as anti-blooming, high QE especially in the DUV, spectral 
detection range from 200nm to 1 1 lOnm, fast readout, large number of pixels (at least 2048 x 2048) and 
low noise. The single sided inspection system in accordance with the invention may also include an 

10 optical illumination path as described above with reference to Figures 16 - 17A for double sided 
systems including a broad spectrum source with significant DUV content, a dichroic mirror, an IR 
beam dump, a shutter, an optional wavelength band pass filters, an optional polarizer, a homogenizer, 
apertures, shadow casting or image relay optics that limit the darkfield illumination so the edges of the 
substrate are not illuminated, darkfield illumination angles of incidence from 50 to 75 degrees, beam 

.1 5 collimation constrained within +/- 2 degrees, >0.25watts/in 2 intensity on the substrate, reasonable 
spectral uniformity (95%) and reasonable spatial uniformity (50%) on the substrate. A single sided 
inspection system in accordance with the invention may also include a brightfield source as in Figures 
5, 5A. A single sided inspection system in accordance with the invention may also include beam 
dumps as in Figures 5 and 5A to collect the specularly reflected light from the substrate. A single sided 

20 inspection system in accordance with the invention may also include photodetector collection optics 
including an optional polarizer, refractive imaging lens designs as in Figure 18 and a combination. of 
Schwarzchild plus refractive lens design as in Figure 19. The substrate holder may be simpler for a 
single sided inspection system than for a dual sided inspection system if backside substrate contact is 
allowed. If backside contact is allowed, a simple vacuum chuck in the center of the substrate can 

25 support the backside of the substrate, leaving the substrate edges completely unobstructed without the 
need for edge grippers, thus reducing system complexity and cost. Also, a single sided inspection 
system may also use the external substrate handling system to support the substrate while it is in the 
measurement chamber further reducing complexity and cost. A single sided inspection system may 
also use edge gripping wafer holders as described with reference to Figures 28A - 28F. 
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These single sided inspection system aspects greatly increase the range of particle sizes 
measured in a single substrate measurement pass, enable differential measurements on substrates with 
large background scatter such as pattern substrates, enable simultaneous macro and micro inspection, 
provides much higher measurement throughput than a laser scanning system, have no moving parts 
5 during inspection for higher reliability and will not suffer from calibration and matching issues as for 
laser scanning systems. Differential measurements enable tracking process problem signatures. A 
single sided inspection system will also cost less and be smaller than a dual sided inspection system. A 
single sided inspection system can also be configured as described in reference to Figures 13B-13E. A 
single sided inspection system may inspect substrate frontside, backside or both, but not 
10 simultaneously. Single sided inspection system advantages include smaller size, about half the cost, 
addresses users who do not want dual sided inspection and/or users that only want backside inspection. 

While the foregoing has been with reference to a particular embodiment of the invention, it will 
be appreciated by those skilled in the art that changes in this embodiment may be made without 
departing from the principles and spirit of the invention as set forth in the subsequent claims. 
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